Abstract
Introduced approximately 10 years ago, high-resolution manometry catheters have fostered interest in anorectal manometry. This review, which accompanies two articles in this issue of Neurogastroenterology and Motility, reviews the methods, clinical indications, utility, and pitfalls of anorectal manometry and revisits the American Gastroenterological Association (AGA) Medical Position Statement on Anorectal Testing Techniques, which was last published in 1999. High-resolution manometry provides a refined assessment of the anorectal pressure profile, obviates the need for station pull-through maneuvers, and minimizes movement artifacts. In selected cases, this refined assessment may be useful for identifying structural abnormalities or anal weakness. However, many manometry patterns that were previously regarded as abnormal are also observed in a majority of healthy patients, which substantially limits the utility of manometry for identifying defecatory disorders. It is our impression that most conclusions of the AGA medical position statement from 1999 remain valid today. High-resolution techniques have not substantially affected the number of publications on or management of anorectal disorders. The ongoing efforts of an international working group to standardize techniques for anorectal manometry are welcome.
Although high-resolution manometry is more than an expensive hobby, improvements in catheter design and further research to rigorously define and evaluate these techniques are necessary to determine if they are worth every penny.
K E Y W O R D S
anal, constipation, diagnosis, fecal incontinence, high-resolution, manometry sensors that straddle the entire anal canal and more proximal sensors inside a balloon placed in the rectum. Therefore, HRM and HDM catheters provide better spatial resolution of the sphincter pressure profile than non-high-resolution catheters. Station pull-through maneuvers are not required, which minimizes movement-related artifacts and shortens the procedure duration. In addition to line graphs, pressures can be displayed in color, which are easier to review. In contrast with HRM catheters, HDM catheters also display pressures recorded by individual sensors around the circumference of the catheter, which reflects axial symmetry.
| TECHNIQUES
Similar to non-HRM, HRM and HDM assess anorectal pressures at rest and during maneuvers (eg, squeeze, cough, rectal distension, simulated evacuation) and the sensation of rectal distension. In the survey by Carrington et al., 3 approximately 50% of 107 respondents reported that they were using HRM or HDM catheters. Amazingly, no two centers used identical protocols for patient preparation, setup, study, and data interpretation. No center observed the methods recommended in a consensus document published 15 years ago. 6 The study by Mion et al. 4 
| RESTING PRESSURE
The resting anal pressure is generated by the resting tone of the internal and external anal sphincter and, to a lesser extent, by the hemorrhoidal plexus. 1 Resting pressure should be recorded approxi- Typically, maximum resting pressure is the highest pressure at any instant, whereas mean resting pressure is averaged across the duration of the maneuver. 11 Hence, the length of the high-pressure zone is the only parameter of the longitudinal sphincter pressure profile provided by HRM and HDM. Among healthy people, resting anal pressure is lower in women than in men 12, 13 and lower in older than in younger women.
11,13,14
| SQUEEZE PRESSURE
The squeeze anal pressure measures voluntary contraction of the external anal sphincter. 1 It is usually recorded for 30 seconds during maximal voluntary contraction. Endurance can be measured by assessing the duration of the squeeze response. 11 The squeeze response depends on the extent of volitional participation.
The squeeze pressure is lower in women than in men 12, 13 and lower in older than in younger women. 11, 13, 14 Because HDM can assess contractile symmetry, it is useful for identifying contraction of the puborectalis muscle, which only generates forces on the posterior aspect of the anorectum. 13, 15 Pressures measured with HDM can distinguish between healthy women and women with fecal incontinence. 16 Whether a sophisticated analysis of the HDM pressure profile, in addition to pressures alone, is helpful for identifying external sphincter or puborectalis injury is unknown.
| SIMULATED EVACUATION
During simulated evacuation, patients are asked to expel the manometry catheter, typically with an empty, and less frequently with an inflated, balloon. Traditional criteria, derived from non-HRM catheters, to evaluate these maneuvers include an inadequate increase in rectal pressure (eg, <40 mm Hg), which reflects a poor propulsive force; impaired anal relaxation (≤20% of baseline pressure); or both. However, even asymptomatic healthy peopleapproximately 20% undergoing non-HRM and 80% undergoing HRM-have manometric abnormalities that have been used to diagnose defecatory disorders (DDs). 17 The assessment of pressure changes during simulated evacuation is influenced by the type of recording catheter, 18 the distension of the intrarectal balloon, 19 the body position, 19 the displacement of the catheter, 18 and the nature of voluntary participation, perhaps because some people find it embarrassing to defecate in the laboratory.
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Key Points
• High-resolution manometry (HRM) catheters provide better spatial resolution of anorectal pressures than standard (non-HRM catheters) and minimize movement artifacts during manometry.
• However, with a few exceptions, HRM catheters have not increased the clinical utility of manometry to quantify anal weakness.
• Further studies are necessary, in particular to improve the currently limited utility of HRM for diagnosing defecatory disorders. 
| COUGH REFLEX
| RECTAL COMPLIANCE AND SENSATION
The threshold volumes at which patients perceive the first sensation, the desire to defecate, the urge to defecate, and the perception of dis- 
| Fecal incontinence
Anal resting and squeeze pressures measured with non-HRM and HDM are lower in incontinent patients than in healthy persons. 4, 16, 24 Endoanal imaging, electromyography, and translumbar or transsacral magnetic stimulation are useful for determining the contribution of nerve and sphincter/pelvic floor injury to reduced squeeze pressure.
1,24-26
Normal anal pressures underscore the importance of other factors (eg, abnormal rectal sensation, diarrhea) to fecal incontinence. Rectal sensation may be reduced or increased in fecal incontinence. 4, 24, 27, 28 Pelvic floor retraining may improve these sensory disturbances and restore fecal continence. 29 
| Chronic constipation
Because pelvic floor biofeedback therapy is superior to laxatives for Traditional manometry criteria for DD include impaired anal relaxation, failure to increase rectal pressure, and a negative rectoanal gradient (ie, rectal pressure lower than anal pressure) during simulated evacuation. Confirming previous studies with HRM, Mion et al. 4 observed that many asymptomatic healthy people have a negative rectoanal gradient during evacuation, 11, 17 perhaps because the test is generally conducted in the left lateral position. Unlike normal defecation, the urge to defecate induced by rectal distention is not preceded by a normal predefecatory motor pattern associated with anal relaxation. 32 Patients may not understand the instructions provided during the test 33 or may not be keen to accomplish the task. 20 Despite these limitations, anal manometry is useful for diagnosing DD in some patients. Two subtypes of dyssynergia (ie, II and IV), which are characterized by inadequate rectal propulsion accompanied by a paradoxical simultaneous increase in anal pressure, or by a failure of the sphincter to relax, were significantly more frequent in DD than in healthy persons. 17 However, the test characteristics (ie, a positive likelihood ratio of 1.8-2.3 and specificity of 72%-80%) suggest that manometry is of limited diagnostic utility. HRM patterns that suggest obstructed defecation or a large rectocele may be useful for selecting patients who require defecography. 34, 35 Indeed, the HRM pressure profile during simulated evacuation identified rectal prolapse with an accuracy of 96% and also identified two unique phenotypes in patients with rectal prolapse. 35 Although an abnormal rectal balloon expulsion test predicts a successful response to biofeedback therapy, the utility of manometry phenotypes for predicting the response to biofeedback therapy in DD is unknown. [36] [37] [38] A recent study using water-perfused manometry observed that patients with high rectal pressures and normal rectal balloon expulsion also benefited from biofeedback therapy. 39 
| Hirschsprung disease
In infants and children, an absent rectoanal inhibitory reflex is 91% sensitive and 94% specific for diagnosing Hirschsprung disease. 21 These figures are slightly but not significantly lower than rectal suction biopsy. When the reflex is present, it excludes the diagnosis of Hirschsprung disease.
In adults, undiagnosed Hirschsprung disease is rare. 7 Studies with non-HRM suggest that the rectoanal inhibitory reflex may be absent in patients with megacolon and rectum of normal caliber who have chronic intestinal pseudo-obstruction. 22, 23 In patients with megarectum, the rectoanal inhibitory reflex may be absent because the rectal balloon does not adequately distend the rectum. vary over time. 40, 41 Although pressure drift has been attributed to the difference between the temperature at which the catheter is calibrated (ie, room temperature) and the body temperature, in vitro experiments in a water bath at constant temperature and an in vivo study with esophageal HRM observed that the drift increased linearly over time. 40, 41 Moreover, [pressure drift] is not remedied by the software algorithm ("thermal compensation") designed to correct this when the catheter is removed from the body at the end of the study." 42 This suggests that the drift is not solely explained by temperature differences. In approximately 15% of studies, the partial correction of pressure drift could potentially have altered the clinical interpretation of rectoanal pressures at rest and during squeeze and evacuation. 42 This pressure drift is not related to wear and tear;
| LIMITATIONS OF HRM
to the contrary, it is greatest for new catheters and decreases over time. It is higher for sensors that are exposed to greater pressures (eg, in the anus rather than the rectum). Although there are more normal data for HRM and HDM than for non-HRM catheters, additional data in healthy people will provide a more precise estimate of normal values.
| EFFECT OF HRM ON PUBLICATIONS
Through a literature search, we compared the effect of HRM on pub- publication of the first paper on a widely available HRM technique. 43 Findings from high-resolution techniques provided the impetus for the Chicago classification of esophageal motility disorders, which is now in its third iteration. 43 In contrast, the number of publications on anorectal manometry has been stable between 1997 and 2016. Introduced in 2008, high-resolution techniques have not substantially influenced the number of publications on or management of anorectal disorders.
| CONCLUSIONS
High-resolution manometry and HDM provide a refined assessment of the anorectal pressure profile, obviate the need for station pullthrough maneuvers, and minimize movement artifacts. In selected cases, this refined assessment may be useful for identifying structural abnormalities or anal weakness. However, many manometry patterns that were once regarded as abnormal are also observed in many healthy persons, which substantially limits the utility of manometry for identifying DD. It is our impression that most conclusions of the AGA Medical Position Statement from 1999 remain valid today. HRM and HDM have had a lesser impact on the diagnosis and management of anorectal disorders than esophageal disorders.
The ongoing efforts of the international working group to standardize techniques are welcome. Although HRM is more than an expensive hobby, improvements in catheter design and further research to rigorously define and evaluate these techniques are necessary to determine if they are worth every penny.
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